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,QWURGXFWLRQ
0RELOHFRPSXWLQJHQDEOHVXVHUVWRDFFHVVQHWZRUNVHUYLFHVIURPDQ\SODFHZKLOHWKHXVHULVRQWKHPRYHWR
FDUU\RXWQXPHURXVWDVNVE\SURYLGLQJORFDWLRQIOH[LELOLW\0RELOHXVHUVFDQUHTXHVWIRUGLIIHUHQWNLQGRILQIRUPDWLRQ
EDVHGRQGLIIHUHQWSDUDPHWHUVDQGWKHTXHU\FDQEHORFDWLRQGHSHQGHQWFRQWH[WGHSHQGHQWRUORFDWLRQDQGFRQWH[W
GHSHQGHQW7KHTXHU\LVORFDWLRQGHSHQGHQWLI WKHUHTXHVWPDGHE\WKHFOLHQWLQFOXGHVWKHORFDWLRQSDUDPHWHU$Q
H[DPSOHRIWKLVTXHU\LVXVHUUHTXHVWLQJIRUWKHKRWHOVVKRSSLQJPDOOVRUEDQNVEDVHGRQWKHXVHU¶VFXUUHQWORFDWLRQ
&RQWH[WGHSHQGHQWTXHULHVHQDEOHWKHPRELOHXVHUVWRUHWULHYHWKHLQIRUPDWLRQWKDWLVKLJKO\UHOHYDQW$QH[DPSOHRI
WKLVTXHU\LVWKHPRELOHXVHUUHTXHVWLQJIRUVKRSSLQJPDOOVWKDWDUHIDPRXVRQO\IRUWUDGLWLRQDOVXLWV/RFDWLRQDQG
&RQWH[WGHSHQGHQWTXHULHVZRUNRQFRQWH[W DZDUHQHVVDVZHOO DV ORFDWLRQSDUDPHWHU WRSURYLGH WKH UHVXOWV WR WKH
FOLHQWV$QH[DPSOHRIWKLVTXHU\LVWKHPRELOHXVHUUHTXHVWLQJIRUVKRSSLQJPDOOVWKDWDUHIDPRXVIRUWUDGLWLRQDOVXLWV
LQµ0XPEDL¶ORFDWLRQ
'DWDEURDGFDVWLVDQDWWUDFWLYHPHWKRGRIVHQGLQJEXONGDWDWRGLIIHUHQWPRELOHXVHUVVLPXOWDQHRXVO\VDWLVI\LQJWKHLU
QHHGV%URDGFDVWLVRIWZRW\SHV3XOO%DVHGDQG3XVK%DVHG,Q3XOO%DVHGWHFKQLTXHDPRELOHXVHUUHTXHVWVIRU
GDWDIURPWKHVHUYHUDQGWKHVHUYHUVHUYHVWKHFOLHQWZLWKWKHUHTXHVWHGGDWDLWHP,QSXVKEDVHGV\VWHPH[SOLFLWUHTXHVW
LVQRWEHLQJVHQWE\WKHFOLHQWEXWWKHVHUYHUEURDGFDVWVWKHGDWDRQDSHULRGLFEDVLVDQGWKHFOLHQWVILOWHUDQGSLFNWKH
GDWDRILWVLQWHUHVW7KLVEHFRPHVLQHIILFLHQWDVWKHPRELOHXVHUVFDQQRWNHHSRQZDLWLQJIRUWKHGDWDDVLW OHDGVWR
EDWWHU\FRQVXPSWLRQ'UDZEDFNRIGDWDEURDGFDVWVFKHPHLVWKDWWKHFOLHQWKDVWRZDLWIRUDORQJHUSHULRGWRJHWMXVWD
VPDOOFKXQNRIGDWDLQWKHHQWLUHEURDGFDVWF\FOH
%DFNJURXQG
,QGH[LQJLVXVHGWRORFDWHWKHGDWDTXLFNO\IURPWKHGDWDEDVHVRWKDWWKHHQWLUHGDWDEDVHQHHGQRWEHVHDUFKHG
IRUDQ\SDUWLFXODUGDWDLWHPUHTXHVWE\LPSURYLQJWKHDFFHVVWLPH0RELOHXVHUVRSHUDWHLQWZRPRGHVDFWLYHPRGH
DQGGR]HPRGH0RELOHXVHUVFDQUHWULHYHGDWDLQDFWLYHPRGHEXWLWOHDGVWREDWWHU\FRQVXPSWLRQRQDKLJKUDWH7R
VDYHWKHEDWWHU\SRZHUPRELOHFOLHQWVFDQJRLQWRGR]HPRGHDQGEHFRPHDFWLYHRQDUULYDORIWKHGHVLUHGGDWD$FFHVV
WLPHUHIHUVWRWKHWLPHWDNHQE\WKHPRELOHFOLHQWWRDFFHVVDSDUWLFXODUGDWDLWHPDQGWXQLQJWLPHLVWKHWLPHIRUZKLFK
WKHPRELOHFOLHQWLVLQWKHDFWLYHPRGH$QHIIHFWLYHEURDGFDVWWHFKQLTXHLVFKDUDFWHUL]HGE\DFFHVVWLPHDQGWXQLQJ
WLPH7XQLQJWLPHFDQEHUHGXFHGLIZHKDYHDQHIILFLHQWLQGH[LQJWHFKQLTXHZKLFKFDQLQWLPDWHWKHWLPHDIWHUZKLFK
WKHGDWDZLOODSSHDUVRWKDWWKHFOLHQWGRHVQRWKDYHWRPRQLWRUWKHEURDGFDVWFKDQQHOFRQWLQXRXVO\DQGFDQVZLWFK
EHWZHHQDFWLYHDQGGR]HPRGHWRVDYHSRZHU
,QGH[LQJWHFKQLTXHVSOD\VDQLPSRUWDQWUROHLQUHGXFLQJWKHSRZHUFRQVXPSWLRQDQGLPSURYHVWKHUHVSRQVH
7KHIROORZLQJLQGH[LQJWHFKQLTXHVDUHGLVFXVVHGDQGFRPSDUHGLQWKLVSDSHU
x +DVKLQJWHFKQLTXH
x 6LJQDWXUHWHFKQLTXH
x %7UHHV
%URDGFDVWLQGH[LQJVFKHPHVRYHUPXOWLFKDQQHO
3.1. Hashing Technique 
+DVKLQJLVWKHFRQYHUVLRQRIDVWULQJRIFKDUDFWHUVLQWRVKRUWHUIL[HGOHQJWKNH\VWKDWZLOOLQWXUQUHSUHVHQW
WKHRULJLQDOFKDUDFWHUVWULQJ+DVKLQJFUHDWHVDVKRUWKDVKNH\LQGH[LWDQGVWRUHLWLQDGDWDEDVHWDEOHUHWULHYDOLV
IDVWHUWRILQGWKHVHVKRUWKDVKNH\VDVFRPSDUHGWRWKHRULJLQDOFKDUDFWHUVWULQJ
0XWKXVZDP\HWDOGLVFXVVHGKDVKLQJWHFKQLTXHWKHUHLVWUDGHRIIEHWZHHQDFFHVVODWHQF\DQGWXQLQJWLPH
RIWKHPRELOHXQLWVZKLFKFDQYDU\IRUGLIIHUHQWGDWDUHTXHVWV+HQFHZHQHHGDQH[WHQVLEOHGDWDRUJDQL]DWLRQPHWKRG
WKDWLVFDSDEOHRIKDQGOLQJGLIIHUHQWW\SHVRIGDWDUHTXHVWV$FRXSOHRIWKHVHWHFKQLTXHVLQGH[LQJKDVKEDVHGVFKHPH
DQGIOH[LEOHLQGH[LQJZHUHGLVFXVVHGLQ,QKDVKEDVHGWHFKQLTXHGDWDLVQRWEURDGFDVWHGLQDVHSDUDWHGLUHFWRU\LQVWHDG
WKHUHOHYDQWKDVKLQJSDUDPHWHUVDUHLQFOXGHGLQWKHIUDPHVLWVHOIDQGHDFKIUDPHKDVWKHµGDWDSDUW¶DQGWKHµFRQWURO
SDUW¶
7KHFRQWUROSDUWLVDOVRNQRZQWRXVLQRXUVWXG\DVµLQYHVWPHQW¶ZKLFKKHOSVLQPLQLPL]LQJWKHVHDUFKDUHD
LQWXUQWRUHGXFHWKHDFFHVVWLPHDQGWXQLQJWLPH7KHFRQWURODUHDFRQVLVWVRISULPDU\KDVKIXQFWLRQDQGWKHVHFRQGDU\
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KDVKIXQFWLRQ7KHSULPDU\IXQFWLRQLVXVHGWRVSHFLI\WKHGHVLUHGFKDQQHOLQZKLFKWKHGDWDZLOOEHEURDGFDVWZKLOH
WKHVHFRQGDU\KDVKIXQFWLRQZLOOEHGHWHUPLQLQJWKHSRVLWLRQRIWKHGHVLUHGGDWDLWHPDORQJWKHEURDGFDVWFKDQQHO7KH
PRELOHFOLHQWVFDQQRZWXQHLQWRWKHEURDGFDVWFKDQQHOWRREWDLQWKHGHVLUHGGDWDLWHP,IWKLVGDWDLVFRUUXSWHGGXULQJ
WUDQVPLVVLRQWKHFOLHQWVKDYHWKHDFFHVVWRXVHUHSOLFDV
 $EURDGFDVWGRHVQRWFRQWDLQWKHFOLHQW¶VUHTXHVWHGGDWDVRLQWKDWFDVHWKH\FDQUHTXHVWDQH[SOLFLWSXOO
UHTXHVWWRWKHVHUYHUWRREWDLQWKHUHVSRQVHWRWKHLUUHTXHVW7KHVHGDWDLWHPVLQWKHFDFKHRIWKHPRELOHXQLWVKHOSWR
UHGXFHWKHWLPHDQGSRZHUXVHG3+)KDVDVSHFLDOTXHU\NH\DWWULEXWHE\ZKLFKZHDUHDEOHWRFRPSXWHWKHGHVLUHG
DUULYDOWLPHRIWKHIUDPHDQG6+)LVDOVRQHFHVVDU\DVPRVWRIWHQ3+)FDQQRWGHOLYHUDFFXUDWHDUULYDOWLPH
,QWKHDERYHPHQWLRQHGFDVHWKHUHDUHERXQGWRZLWQHVVFROOLVLRQVDQGWKHFROOLGLQJGDWDLVVWRUHGLQWKHYHU\
QH[WIUDPHZKLFKLVWKHQDVVLJQHGWRWKHPE\WKH3+):HDUHDEOHWRUHGXFHWKHWXQLQJWLPHZKLFKHYHQWXDOO\KHOS
XVWRPDNHRXULQGH[LQJWHFKQLTXHDOOWKHPRUHIOH[LEOHVLQFHGHSHQGLQJRQLWZHFDQVHWDYHU\JRRGWXQLQJWLPHRU
DOVREHDEOHWRDFKLHYHDYHU\HIILFLHQWDFFHVVWLPH
2YHUWKH3HULRGRIWLPHDFRXSOHRIYDULDWLRQVLQWKH+DVKLQJWHFKQLTXHHYROYHGHDFKRIWKHPKDYLQJDQ
LPSURYHPHQWRYHUWKHEDVLFKDVKLQJVFKHPH
 6LPSOH+DVKLQJ6FKHPH
 0KDVK6FKHPH
 +DVKLQJ6FKHPHIRU0XOWL&KDQQHO
 0XOWLFKDQQHOHQHUJ\HIILFLHQWKDVK6FKHPH0(+DVK
7KH6LPSOH+DVK6FKHPHXVHVWKHSULPDULO\GHYHORSHGVLPSOHDFFHVVPHWKRGDQGDVLQJOHKDVKIXQFWLRQ0(+DVK
DLPVDWUHGXFLQJWKHWXQLQJWLPHE\PDSSLQJWKHGDWDLWHPVWRWKHVORWVLQWKHEURDGFDVWLQJE\XVLQJDKROHIUHHKDVK
)XQFWLRQ+DVKVFKHPHIRUPXOWLSOHFKDQQHOVRSWLPL]HVERWKWKHDFFHVVODWHQF\DQGWXQLQJWLPHWKHUHE\IDFLOLWDWLQJ
DQHDV\DQGIDVWPHFKDQLVPIRUFOLHQWDFFHVV0(+DVKSURYHVWREHWKHEHVWIRUKDQGOLQJIOH[LEOHVL]HRIGDWDDQGYHU\
HIILFLHQWLQDPXOWLFKDQQHOHQYLURQPHQW
$GYDQWDJHV+DVKLQJ)XQFWLRQHOLPLQDWHV WKHQHHGWREURDGFDVW LQGH[VWUXFWXUHVDQGKHQFHVKRUWHQVWKHEURDGFDVW
F\FOHWRPXFKDQH[WHQW7KLVLQWXUQDGGVWRUHGXFLQJDFFHVVODWHQF\
'LVDGYDQWDJHV8VLQJKDVKLQJPHFKDQLVPOHDGVWRFROOLVLRQLHWKHUHFDQEHVFHQDULRVZKHUHWKH.(<9DOXH³.´
SRLQWVWRWKHVDPHDGGUHVVDQGKHQFHOHDGVWRFROOLVLRQ+HUHFROOLVLRQDYRLGDQFHRUUHVROYLQJPHFKDQLVPLVUHTXLUHG
VLPLODUWRWKHRQH3URSRVHGLQ0+DVK6FKHPH
3.2. Signature Technique 
6LJQDWXUHWHFKQLTXHDVWKHQDPHVXJJHVWVLWLQFOXGHVDVLJQDWXUHDVDQLGHQWLILHUWRUHWULHYHWKHGHVLUHGGDWD
IUDPHV7KHVLJQDWXUHPHWKRGKDVEHHQZLGHO\XVHGIRULQIRUPDWLRQUHWULHYDODVLWKDVSURYHGLWVHOIHIILFLHQWLQPDQ\
DVSHFWV$VLJQDWXUHLVXVXDOO\DVVRFLDWHGZLWKDQLQIRUPDWLRQIUDPHZKHUHDELWYHFWRULVILUVWJHQHUDWHGE\KDVKLQJ
WKHYDOXHVLQWKHLQIRUPDWLRQLQWRELWVWULQJVDQGWKHQVXSHULPSRVLQJWKHPWRJHWKHUWKHVHDUHEURDGFDVWHGWRJHWKHU
DORQJZLWKHYHU\EURDGFDVWF\FOH
,QDVFHQDULRZKHUHDFOLHQWJHQHUDWHVDTXHU\DVLJQDWXUHLVJHQHUDWHGLQDVLPLODUZD\MXVWDVWKHTXHU\KDV
EHHQVSHFLILHGE\WKHXVHU,QRUGHUWRUHFHLYHUHVSRQVHWRWKLVTXHU\WKHFOLHQWZLOOVLPSO\UHWULHYHWKHVLJQDWXUHVIURP
WKHEURDGFDVWFKDQQHODQGPDWFKWKHPZLWKWKHTXHU\VLJQDWXUHE\SHUIRUPLQJDELWZLVH$1'RSHUDWLRQRQWKHP
:KHQWKHUHVXOWLVIRXQGWREHQRWVLPLODULHWKHTXHU\VLJQDWXUHDQGWKHVLJQDWXUHIURPWKHEURDGFDVWFKDQQHOGRHV
QRWPDWFKWKHLQIRUPDWLRQIUDPHDQGFDQEHLJQRUHG
2QWKHRWKHUKDQGLIWKHUHVXOWVPDWFKWKHLQIRUPDWLRQIUDPHQHHGVWRJRWKURXJKWKHVHFRQGFKHFNDJDLQVWWKHTXHU\
7KLVVWHSLVSHUIRUPHGWRLGHQWLI\WKHWUXHPDWFKIURPIDOVHGURS7KHPDLQGUDZEDFNZLWKGLIIHUHQWH[LVWLQJVLJQDWXUH
PHWKRGVLVWKHSUHYDLOLQJVL]HDQGQXPEHURIOHYHOVRIWKHVLJQDWXUH
7KHUH DUH WKUHH VLJQDWXUH DOJRULWKPV QDPHG LQ EDVHGRQ WKHLU FRVWPRGHOV IRU DFFHVV WLPH DQG WXQH LQ WLPH7KH
DOJRULWKPVDUH
 6LPSOHVLJQDWXUH
 ,QWHJUDWHGVLJQDWXUH
 0XOWLOHYHOVLJQDWXUH
:LWKWKH6LPSOH6LJQDWXUHWHFKQLTXHVLJQDWXUHVDUHEURDGFDVWHGDORQJZLWKWKHGDWDUHFRUGV7KHEURDGFDVWFKDQQHO
JHQHUDOO\FRQVLVWVRIWKHVLJQDWXUHEXFNHWVDQGGDWDEXFNHWV%HIRUHWKHEURDGFDVWRIHYHU\GDWDEXFNHWWKHVLJQDWXUH
EXFNHWLVEURDGFDVWHGWKLVVLJQDWXUHEXFNHWLVDOZD\VRIHTXDOOHQJWK,QWKLVWHFKQLTXHWKHFOLHQWVQHHGWRVKLIWWKURXJK
HDFKDQGHYHU\EXFNHWXQWLOWKHGHVLUHGLQIRUPDWLRQLVIRXQG
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7KHVWXG\RIWKHLQWHJUDWHGVLJQDWXUHWHFKQLTXHWKDWFRQVLVWVRIDJURXSRIRQHRUPRUHLQIRUPDWLRQIUDPHV
EDVLFDOO\FDOOHGD)UDPHJURXS,QWKLVFDVHWKHLQWHJUDWHGVLJQDWXUHLVEURDGFDVWHGRYHUWKHFRPPXQLFDWLRQFKDQQHO
EHIRUHWKHIUDPHJURXSEURDGFDVW7KLVVFKHPHZLOOKHOSWRIDFLOLWDWHWKHLQGH[LQJRIDQ\VXFKQXPEHURILQIRUPDWLRQ
IUDPHVLQDVLQJOHVLJQDWXUH:KLOHWKH0XOWL/HYHO6LJQDWXUH6FKHPHLVDFRPELQDWLRQRIWKHDERYHWZRVFKHPHV
7KHVLPSOHVLJQDWXUHWKHIUDPHLVDOZD\VEURDGFDVWHGEHIRUHWKHLQIRUPDWLRQIUDPHKHQFHWKHQXPEHURI
LQIRUPDWLRQ DQG VLJQDWXUH IUDPHV LV HTXDO LQ D JLYHQ F\FOH )RU ,QWHJUDWHG VLJQDWXUH D JURXS LV FRQVWUXFWHG DW
FRQVHFXWLYH IUDPHV FDOOHG µIUDPH JURXS¶ 7KHPXOWL OHYHO VLJQDWXUH LV WKH FRPELQDWLRQ RI VLPSOH DQG LQWHJUDWHG
VLJQDWXUHPHWKRGVLQWKLVWKHXSSHUOHYHOVLJQDWXUHVDUHLQWHJUDWHGVLJQDWXUHVDQGWKHORZHUOHYHOVLJQDWXUHVDUHVLPSOH
VLJQDWXUHV
$QLQWHJUDWHGVLJQDWXUHW\SHLQGH[HVDOOWKHGDWDIUDPHVEHWZHHQLWVHOIDQGWKHQH[WLQWHJUDWHGVLJQDWXUHLH
LWFRQVLVWVRIWZRGDWDIUDPHV7KHQXPEHURIGDWDIUDPHVLQGH[HGE\DQLQWHJUDWHGVLJQDWXUHLVTXLWHVPDOOLQRUGHUWR
PDLQWDLQWKHILOWHULQJFDSDELOLW\RIWKHµQRQFOXVWHUHG¶GDWDIUDPHV2QWKHRWKHUKDQGLIVLPLODUGDWDIUDPHVDUHJURXSHG
WRJHWKHULQHDFKPHWDVHJPHQWWKHLQWHJUDWHGVLJQDWXUHJHQHUDWHGLQWKLVILOHKDVWKHVDPHHIIHFWDVUHGXFLQJWKHQXPEHU
RIELWVWULQJVVXSHULPSRVHGZKLFKLVWKHFDVHZLWKµFOXVWHUHGIUDPHV¶
$GYDQWDJHV7KLVVLJQDWXUHLVDWLPHWHVWHGWHFKQLTXHIRUHIILFLHQWGDWDUHWULHYDO,WLVDJRRGPHWKRGIRUPXOWLDWWULEXWH
UHWULHYDODQGSURYLGHVVHTXHQWLDODFFHVVWRGDWDLWHPV
'LVDGYDQWDJHV7KLVWHFKQLTXHUHTXLUHVWKH0RELOHFOLHQWVWRFKHFNHYHU\FRQVHFXWLYH6LJQDWXUHLQRUGHUWRILQGWKH
ULJKWGDWDKHQFHLWUHVXOWVLQFRQVXPLQJVXEVWDQWLDODPRXQWRISRZHU
3.3. B+ tree technique 
:DOX\RKDVGLVFXVVHGWKHIROORZLQJ%WHFKQLTXHVIRULQGH[LQJ,Q%WUHHWKHUHDUHYLVLEO\VHHQOHDIDQG
QRQOHDIQRGHV/HDIQRGHVKDYHµN¶NH\VLQZKLFKHDFKNH\ZLOOSRLQWWRWKHGDWDLWHPVDQGHDFKQRGHKDVDQRGH
SRLQWHUWKDWZLOOSRLQWWRWKHQHLJKERULQJOHDIQRGHRQWKHULJKWKDQGVLGHRIWKHOHDIQRGH7KHQWKHQRQOHDIQRGHV
FRQVLVWRINNH\VDQGNSRLQWHU7KHFKLOGQRGHVZKLFKDUHRQWKHOHIWKDQGVLGHRIWKHSDUHQWQRGHVKDYHNH\YDOXHV
WKDWDUHOHVVWKDQRUHTXDOWRWKHNH\RIWKHSDUHQWQRGHDQGWKHQRGHVRQWKHULJKWKDQGVLGHRIWKHSDUHQWQRGHVKDYH
NH\YDOXHVWKDWDUHJUHDWHUWKDQWKHNH\YDOXHRIWKHSDUHQWQRGH$OOWKHGDWDSRLQWHUVDUHWKHQVWRUHGLQWKHOHDIQRGHV
DQGDIWHUZKLFKLWSURYLGHVDVRUWHGOLVWIURPOHIWWRULJKW
1RQ5HSOLFDWHG,QGH[
,QWKLVWKHLQGH[VWUXFWXUHLVGLYLGHGLQWRQXPEHURIVHSDUDWHDQGVPDOOHULQGH[QXPEHUVHDFKLQGH[FKDQQHOEXLOGV
LWVORFDOLQGH[7KHPRELOHFOLHQWVKRXOGEHDZDUHRIWKHLQGH[FKDQQHOFRQWDLQLQJWKHUHTXLUHGLQGH[NH\DVLWFDQ
OLVWHQWRRQO\RQHLQGH[FKDQQHODWDWLPH7KHLQGH[VWUXFWXUHLVWUDQVPLWWHGXSRQWKHUHTXHVWIURPWKHFOLHQWWRWKH
VHUYHU
'DWDLVUHWULHYHGIURPWKHLQGH[FKDQQHODVIROORZV
 0RELOHFOLHQWWXQHVLQWRWKHLQGH[FKDQQHOWKDWKDVWKHLQGH[NH\DQGZKLOHIROORZLQJWKHLQGH[SRLQWHUWRWKH
UHTXLUHGLQGH[NH\LWJRHVLQWRGR]HPRGH
 7KHPRELOHFOLHQWZDNHVXSZKHQWKHULJKWLQGH[NH\LVREWDLQHGDQGWKLVLQGH[SRLQWVWRWKHGDWDFKDQQHOIRU
WKHGHVLUHGGDWDLWHP
 ,WILQGVRXWWKHWLPHQHHGHGIRUWKHGDWDLWHPWRDUULYHDQGJRHVLQWRGR]HPRGHDQGFRPHVEDFNWRDFWLYH
PRGHZKHQWKHGDWDLWHPDUULYHV
'LVDGYDQWDJH,QGH[GLUHFWRU\LVUHTXLUHGWREHVHQWSULRUWRWKHPRELOHFOLHQWDQGEDVHGRQWKDWWKHGHFLVLRQRIZKLFK
LQGH[FKDQQHOWROLVWHQWRLVPDGH
 
3DUWLDOO\5HSOLFDWHG,QGH[
 7KLVWHFKQLTXHKDVVRPHOHYHORIUHSOLFDWLRQZKLOH15,GRHVQRWKDYH,IDOHDIQRGHKDVNH\VEHORQJLQJWR
GLIIHUHQW LQGH[FKDQQHO WKHQ WKLV OHDIQRGH LVDOVR UHSOLFDWHG LQFKDQQHOV WKDWRZQ WKH LQGH[NH\V5RRWQRGHVDUH
UHSOLFDWHGLQDOOWKHLQGH[FKDQQHOVVRPHRIWKHQRQOHDIQRGHVDUHUHSOLFDWHGZKLOHRWKHUVDUHQRW
$GYDQWDJHV
 7KHRYHUKHDGRIVHQGLQJWKHLQGH[GLUHFWRU\LVUHGXFHG
 7KHFOLHQWFDQWXQHLQWRDQ\LQGH[FKDQQHODQGZLOOEHDEOHWRILQGWKHULJKWSRLQWHUHYHQLIWKHSRLQWHULV
SUHVHQWLQGLIIHUHQWLQGH[FKDQQHO
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 ,QGH[UHSOLFDWLRQVDUHFXWGRZQDVLWLVVXIILFLHQWWRKDYHRQO\RQHLQGH[ZKLFKLVUHOHYDQWWRWKHGDWDDQG
LPPHGLDWHO\IROORZVLWLQWKHEURDGFDVW
'LVDGYDQWDJHV
 7KLVWHFKQLTXHUHVXOWVLQLQGH[LQIRUPDWLRQFRQVXPLQJDORWRIVSDFHZKLFKLQWXUQFRXOGKDYHEHHQXVHGIRU
WKHWUDQVPLVVLRQRIWKHGDWDLWHPV
 $FFHVVODWHQF\DQGWXQLQJWLPHDUHWZRFRQWUDGLFWRU\SHUIRUPDQFHPHDVXUHVZKLFKFDQQRWEHPLQLPL]HGDW
WKHVDPHWLPHXVLQJWKHVHPHWKRGV

)XOO\5HSOLFDWHG,QGH[
7KLVWHFKQLTXHKDVIXOOUHSOLFDWLRQDVWKHLQGH[VWUXFWXUHLVUHSOLFDWHGWRDOOWKHLQGH[FKDQQHOV7KHGDWDUHWULHYDO
LQ)5,LVVLPLODUWR35,H[FHSWWKDWLWGRHVQ¶WKDYHSRLQWHUWRRWKHULQGH[FKDQQHOV
$GYDQWDJHV7KLVDOORZVXVHUVWRDFFHVVGDWDHYHQLQWKHFDVHRIQRLVHRUVLJQDOGLVWRUWLRQZKHUHWKHXVHUFDQVZLWFK
WRVRPHRWKHULQGH[FKDQQHOWRUHWULHYHWKHGHVLUHGGDWD
&RPSDULVRQRIYDULRXVLQGH[LQJ7HFKQLTXH
7DEOH&RPSDULVRQRI,QGH[LQJ7HFKQLTXHV


3URSRVHG7HFKQLTXH
+\EULGWHFKQLTXHLQYROYLQJVSDUVHLQGH[WUHHKDVKWDEOHDQGVLJQDWXUHWHFKQLTXHLVSURSRVHGEDODQFLQJWKH
DGYDQWDJHVDQGGLVDGYDQWDJHVRIWKHWHFKQLTXHVGLVFXVVHGDERYH
 ,Q RXU SURSRVHG WHFKQLTXH ZH XVH D 6SDUVH ,QGH[ 7UHH ZKHUH DW HYHU\ QRGH ZH KDYH D KDVKLQJ WDEOH
FRQVLVWLQJRIWKHDGGUHVVHVRIWKHQH[WQRGHV+DVKWDEOHZLOOIDFLOLWDWHTXLFNUHWULHYDORIWKHDGGUHVVRIWKHQH[WQRGH
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WLOOLWUHDFKHVWKHOHDIQRGHWKHUHE\UHGXFLQJWKHWXQLQJWLPHDVRSSRVHGWRWKHQRUPDO%WUHH
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     
$WWKHOHDIQRWHZHZLOOXVHELWPDSLQGH[HVSRLQWLQJWRWKHLQGH[LQIRUPDWLRQVLJQDWXUHRIWKHLQGH[FKDQQHOXVLQJ
ELWPDSLQGH[DWWKHOHDIOHYHOZLOOKHOSRSWLPL]HWKHILOWHULQJFDSDELOLW\RIWKHVLJQDWXUHWHFKQLTXHDQGZLOOUHGXFHWKH
SUREDELOLW\RIIDOVHGURSZKLFKZLOOLQWXUQLPSURYHWKHDFFHVVODWHQF\ZKLFKLVRQHPDMRUGUDZEDFNRIWKHVLJQDWXUH
WHFKQLTXH
+\EULG LQGH[ WHFKQLTXH LVEXLOW LQFROODERUDWLRQZLWKKDVK WDEOHXSRQ WKHVLJQDWXUH WHFKQLTXHZKLFKFDQ
UHWDLQDOOWKHDGYDQWDJHVRIWKHVLJQDWXUHWHFKQLTXHDORQJZLWKPDLQWDLQLQJWKHHIILFLHQF\RIWKH6SDUVH,QGH[7UHH
 7KHPDLQSXUSRVHRIRXU WHFKQLTXH LVVSOLW LQWRSDUWV WKHVSDUVH LQGH[ WUHH LV UHSOLFDWHG LQ WKHEURDGFDVW
FKDQQHODQGLQVWHDGRIVWRULQJWKHGLVNUHFRUGORFDWLRQVRXULQGH[WUHHZLOOEHVWRULQJWKHDUULYDOWLPHRIWKHLQIRUPDWLRQ
IUDPHV2QFHWKHLQIRUPDWLRQIUDPHVDUHUHWULHYHGWKHXVHUSHUIRUPVFKDQQHOKRSSLQJLQRUGHUWRUHDGWKHDVVRFLDWHG
GDWDIUDPHWKLVIDFLOLWDWHVWKHLQGH[FKDQQHOWREHIUHHWRDFFHSWPRUHXVHUUHTXHVWV

2XU3URSRVHGWHFKQLTXHZLOOIROORZWKHIROORZLQJ3URFHVV
 3ULPDU\3UREH,QWKLVSDUWWKHFOLHQWWXQHVLQWRWKHEURDGFDVWFKDQQHOWRGHWHUPLQHZKHQWKHQH[WLQGH[WUHHZLOO
EHEURDGFDVWHG
 6HDUFKLQJ2QUHFHLYLQJWKHUHOHYDQWLQGH[WUHHWKHFOLHQWQRZVHDUFKHVWKURXJKWKHOLVWRISRLQWHUVWRGHWHUPLQH
ZKHQWRWXQHLQQH[WWRWKHEURDGFDVWFKDQQHOWRJHWWKHQHDUHVWSRVVLEOHORFDWLRQRIWKHGDWDIUDPHVWREHUHWULHYHG
 )LOWHULQJ$WWKHQHDUHVWSRVVLEOHORFDWLRQZHXVHDVXFFHVVLYHILOWHULQJPHFKDQLVPWRJHWWKHGHVLUHGGDWDIUDPHV
KHUHZHHQKDQFHRXUILOWHULQJE\DSSO\LQJDELWPDSDUUD\DWWKHOHDIQRGHWRUHGXFHWKHSUREDELOLW\RIIDOVHGURSV
 5HWULHYDO7KHFOLHQWWXQHVLQDQGSHUIRUPVDFKDQQHOKRSIURPWKHLQGH[FKDQQHOWRWKHGDWDFKDQQHODQGUHWULHYHV
WKHGHVLUHGGDWDIUDPHV
+LHUDUFKLFDOGDWDGHOLYHU\V\VWHPLVXVHGZKHUHZHKDYHWKHDELOLW\WRFDFKHWKHIUHTXHQWO\DFFHVVHGLQGH[HV
XVLQJDKDVKWDEOHVRWKDWWKH\FDQEHUHWULHYHGGXULQJDSXVKEDVHGEURDGFDVWF\FOHLIWKHGHVLUHGGDWDLVQRWSUHVHQW
LQWKHEURDGFDVWF\FOHWKHFOLHQWJHQHUDWHVDSXOOUHTXHVWWRJHWWKHGHVLUHGGDWD



 

  
)LJ+LHUDUFKLFDO'DWD'HOLYHU\6\VWHP

'DWD5HWULHYDOEDVHGRQWKHW\SHRI5HTXHVW
$VH[SODLQHGLQILJZKHQDUHTXHVWLVPDGHIRUDVSHFLILFGDWDLWHPLWVLQGH[LVEHLQJVHDUFKHGLQWKHKDVK
WDEOHVSUHVHQWDWHYHU\QRGHLQWKHVSDUVHLQGH[WUHHFRQWDLQLQJFDFKHGHQWULHV,IWKHLQGH[LVIRXQGWKHQLWVZLWFKHVWR
WKHGDWDFKDQQHOIRUUHWULHYLQJWKHGDWD,IWKHLQGH[LVQRWSUHVHQWLQWKHKDVKWDEOHWKHQDSXOOEDVHGUHTXHVWLVJHQHUDWHG
E\WKHFOLHQWDQGVHDUFKKDSSHQVWKURXJKWKHHQWLUHVSDUVHLQGH[WUHH%LWPDSDUUD\SUHVHQWDWWKHOHDIQRGHOLPLWVRXU
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VHDUFKE\SURYLGLQJWKHSUREDEOHLQGH[HVIRUWKHUHTXHVWHGGDWDLWHPVRQZKLFKWKH25RSHUDWLRQLVSHUIRUPHGWRJHW
WKHH[DFWLQGH[EHIRUHVZLWFKLQJWRWKHGDWDFKDQQHO
([HFXWLRQVWUDWHJ\FRQVLVWVRIDVHULHVRIELWDUUD\VDQGLQRUGHUWRJHWRXUGHVLUHGUHVXOWZHQHHGWRFRQVWUXFW
DELWDULWKPHWLFORJLFGHSHQGLQJRQRXUSDUVHGILOWHU^&RPSDQ\ ¶$%&¶`$1'^.H\ EHWZHHQ`DQGRXU
ELWDUUD\VLQRXUH[HFXWLRQVWUDWHJ\FRQVLVWVRIRSHUDWRUVOLNH^$1'25127`
 7KH ELW DUUD\ ZKLFK XVXDOO\ KDV WKH FDSDELOLW\ RI UHDGLQJ DURXQG PLOOLRQV RI URZV LQ D GDWDEDVH LQ D
PLOOLVHFRQGZLOOEHUHDGWKURXJKRXUJHQHUDWHGELWDUUD\DQGWKHUHVXOWLQJRXWFRPHZLOOEHDSRVLWLRQLQGH[URZILQGHU
ZKLFKZLOOEHSRLQWLQJWRWKHURZGDWDZKLFKZLOOLQWXUQUHDGRIIWKHGLVNDQGVHQGEDFNDVWKHUHVSRQVHWRWKHTXHU\
JHQHUDWHG


)LJ)ORZIRU3XVK%DVHG5HTXHVW

SwitchingfromPUSHtoPULL
BasedChannel
HopFromIndexChannelTo
DataChannel
PushBasedBroadcast(Index)
Channel
PushBasedBroadcast(Index)
Channel
PushBasedBroadcast(Index)
Channel
ClientSideRequest
ClientSideRequest
company=“ABCͲ
123”
TuneintoBroadcast
channelto
determinenext
indextreewillbe
broadcast
Onreceivingthe
Indextreecheck
cacheddatainhash
tables
DataIndexPresentin
Cache(CacheIndex
Matched)Data
Request“Company=
ABCͲ123”
HopToDataChannel
andReplytoUser
withDataRequest
“Company=ABCͲ
123”
DataNotPresentin
Cache– Generate
“PULL”request
StepNot
Applicable
Switchto“PULL”
basedOnͲDemand
Mode
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
     )LJ)ORZIRU3XOO%DVHG5HTXHVW
&RQFOXVLRQ
2SWLPL]LQJDFFHVVODWHQF\DQGWXQLQJWLPHOHDGVWRLQGH[LQJHIILFLHQF\WKLVLQWXUQOHDGVWRSRZHUFRQVHUYDWLRQ
3URSRVHGPHWKRGSURYLGHVXVZLWKWKHDGYDQWDJHVRIERWKWKH%7UHHDQGWKH+DVKWDEOHDVRSSRVHGWRKROGLQJDORW
RILQGH[UHODWHGLQIRUPDWLRQXVLQJKDVK7DEOHVDORQJZLWKWKHFDFKLQJSURYHVWREHDQHIILFLHQWWHFKQLTXHWRVDYH
VSDFH2XU3URSRVHGWHFKQLTXHDOVRWDNHVLQWRFRQVLGHUDWLRQWKHPDMRUSUREOHPZLWKWKHVLJQDWXUHWHFKQLTXHRIKDYLQJ
KLJKWXQLQJWLPHE\DGGLQJDQDGGLWLRQDOILOWHULQJPHFKDQLVPXVLQJWKHELWPDSLQGH[DUUD\ZKLFKKHOSVLQILQGLQJ
WKHGHVLUHGGDWDORFDWLRQLQDPRUHSUHFLVHPDQQHUOHDGLQJWRPLQLPL]LQJWKHSRZHUFRQVXPSWLRQIDFWRUDVWKHWXQLQJ
WLPHUHGXFHVGUDVWLFDOO\
ChannelHoptoDataChannel&
Retrievedata
PullBasedOnͲDemand(Index)
Channel
PullBasedOnͲDemand(Index)
Channel
PullBasedOnͲDemand(Index)
Channel
PullBasedOnͲDemand(Index)
Channel
ClientSideRequestafter
switchingtoOnDemandMode
PULL RequestGenerated
for“Company=ABCͲ
123”
SearchthroughListofIndex
Pointerstodeterminewhenthe
informationframestothe
nearestpossiblelocationof
ABCͲ123willarrive
FilteringSuccessiveData
FramesTogetDesired
ABCͲ123Information
Frame(UseofBitmap
Array,QueryFilter)
ExecutionStrategy
Runningtosearchdata
ABCͲ123inKey1
ExecutionStrategy
Runningtosearchdata
ABCͲ123inKey2
DataMatchedQuery
FilterABCͲ123
ClientTunesinHopsfromIndex
ChannelToDataChannel&
RetrievesData
ExecutionStrategy
Runningtosearchdata
ABCͲ123inKey3&So
on…
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,Q IXWXUH ZH SODQ WR LQFRUSRUDWH WKH FDFKLQJ PHFKDQLVP DW UHOHYDQW SODFHV LQ RUGHU WR IXUWKHU RSWLPL]H WKH
SHUIRUPDQFHLQYLHZRIKHDY\GDWDSURFHVVLQJ
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